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MEDIA DISCHARGE DEVICE 



[0001] The U,S. Government has a paid-up license in this invention and the 
right in limited circumstances to require the patent owner to license others on 
reasonable terms as provided for by the terms of Contract No. F42620-96-D-0042 
awarded by the Department of the Air Force. 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0002] This invention relates to discharging media. 

2. Description of Related Art 

[0003] Various devices have been devised for discharging dry media, such 
as sand blasting media used to remove paint or rust from surfaces. Various devices 
have also been devised for discharging wet media, such as water, paint or the like. 
Such discharge devices typically discharge wet media or particles of dry media from a 
nozzle at high velocity. 

[0004] These devices can cause operator fatigue due to their weight and due 
to the reaction forces caused by the high-velocity discharge. In an effort to alleviate 
these and other problems, various automation attempts have been made, employing 
robotics systems, 

SUMMARY OF THE INVENTION 
[0005] Robotics systems are complicated and expensive. Furthermore, they 
remove the operator from direct control of the process, which can result in various 
drawbacks. For example, in dry media blasting to remove paint from a painted 
surface, it is often necessary to concentrate the dry media blast more heavily on some 
portions of the surface than on other portions of the surface due to variations in 
thickness, adhesion, durability or the like of the paint. A human operator can easily 
see where the blast needs to be concentrated (e.g., by seeing where paint still remains 
after an initial blast), and manually adjust the discharge device to properly direct the 
blast (e.g, by aiming the discharge device a second time at the portions where paint 
still remains). A robotics system, on the other hand, cannot so easily detect where the 
blast needs to be concentrated. 



[0006] Accordingly, it is an object of the invention to provide an ergonomic 
media discharge device that alleviates operator fatigue, but does not remove the 
operator frona direct control of the process. 

[0007] A media discharge device according to the invention includes a 
support member, a telescoping device supported by the support member, and a media 
discharge port provided at a first end of the telescoping device. The telescoping 
device is supported via a joint structure that allows the telescoping device to rotate 
with respect to the support member with at least one degree of freedom. The 
telescoping device includes a first member and a second member that moves with 
respect to the first member in an extending direction and a retracting direction. An 
actuator may drive the second member in the extending direction and in the retracting 
direction. 

[0008] These and other objects, advantages and salient features of the 
invention are described in or apparent from the following detailed description of 
exemplary embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Exemplary embodiments of the invention are described in detail with 
reference to the following figures, wherein like numbers reference like elements, and 
wherein: 

Fig. 1 is a perspective view of an exemplary media discharge device according 
to the invention; 

Fig. 2 shows a first exemplary embodiment of an actuator structure of the 
media discharge device of Fig. 1; 

Fig. 3 shows a second exemplary embodiment of an actuator structure of the 
media discharge device of Fig. 1; 

Fig. 4 shows a third exemplary embodiment of an actuator structure of the 
media discharge device of Fig. 1; 

Fig. 5 is a flowchart of an exemplary process performed by the controller of 

Fig. 4; 

Fig. 6 shows a fourth exemplary embodiment of an actuator structure of the 
media discharge device of Fig. 1; and 

Fig. 7 is a perspective view of an exemplary media discharge system 
incorporating the media discharge device of Fig. 1 . 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0010] This invention provides ergonomic media discharge devices that 
alleviate operator fatigue while not removing the operator from direct control of the 
process. This may be done by, for example, transferring most or all of the weight of 
5 the discharge device, along with reactive forces from the discharge, to a stationary or 
semi-stationary object rather than to the operator. 

[0011] Fig. 1 is a perspective view of an exemplary media discharge device 
100 according to the invention. The media discharge device 100 may be used to 
discharge any type of wet or dry media. The media discharge device 100 includes a 
10 support member 1 10, a telescoping device 130 supported by the support member 110, 
and a media passage 120. The media passage 120 may be a flexible hose or tube, for 
example, and has an opening or port 124 through which media is discharged. The 
discharge opening 124 may be of the same diameter as the media passage 120, or may 
include a nozzle (not shown) of a diameter smaller than the diameter of the media 
1 5 passage 120. Such a nozzle may be detachable so that it can be replaced, or 

interchanged with nozzles of different sizes. The support member 1 10 may be affixed 
to a stationary object, such as the floor, a frame, or the like, or to a semi- stationary 
object, such as a cart or the like. 

[0012] The media passage 120 is shown connected to the outside of the 
20 telescoping device 130 by mounting brackets 122, but alternatively may pass through 
the inside of the telescoping device 130. 

[0013] The telescoping device 130 is supported via a joint structure 112 that 
allows the telescoping device 130 to rotate with respect to the support member 110 
with at least one degree of freedom, and preferably two degrees of freedom. For 
25 example, the telescoping device 130 may rotate vertically, in the direction shown by 
arrow B, and/or horizontally, in the direction shown by arrow C. A two degrees of 
freedom structure will be advantageous in most situations, but a one degree of 
freedom structure may be appropriate for some situations in which, for example, only 
a linear band-shaped area requires media discharge. The joint structure 112 may, for 
30 example, be a universal joint or gimbal that allows the telescoping device 1 30 to be 
angled upward and downward and rotated clockwise and counter-clockwise. 

[0014] The telescoping device 130 includes a first member 132 and a second 
member 134 that moves with respect to the first member 132 in the direction shown 
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by arrow A, i.e., in an extending direction and a retracting direction. For example, as 
shown in Fig. 1, the first member 132 may be a tube-like member and the second 
member 134 may be a tube-like member of a slightly larger diameter such that it fits 
over and slides on the first member 1 32. Other telescoping structures and 
5 configurations are possible, and the first member 132 does not necessarily have to be 
concentric with the second member 134. The second member 134 may slide fireely 
with respect to the first member 132, or may be driven by an actuator, as described 
below. 

[0015] A handle 136 may be attached to the telescoping device 130, and an 
10 operator may grip the handle to manipulate the telescoping device. Alternatively, an 
operator may grip the telescoping device 130 directly. The handle 136 is shovm 
attached to the second member 134, but may, under some circumstances, be provided 
on the first member 132. Specifically, for example, if an actuator is provided, as 
described below, the handle 136 may, if desired, be provided on the first member 132. 
1 5 [0016] A counter weight 140 is provided at an end of the telescoping device 

130 opposite to the end where the media discharge opening 124 is provided. The 
counter weight 140 balances the weight of the media discharge device 100 so that the 
operator does not need to support the weight. The counter weight 140 may be fixed in 
place on the telescoping device 130. Alternatively, the counter weight 140 may be 
20 movable along the telescoping device 130. For example, the counter weight 140 may 
be mechanically geared or electronically controlled so that when the second member 

134 moves along the first member 132, the counter weight 140 moves along the first 
member in the opposite direction by a proportionate amount, thus maintaining the 
media discharge device 100 in a constantly balanced state. 

25 [0017] As described above, the second member 134 may move freely with 

respect to the first member 132. However, this structure, while relieving the operator 
of the weight of the media discharge device 100, still requires the operator to bear 
much of the reactive force of the media discharge. Therefore, the second member 134 
is preferably driven v^th respect to the first member 132 by an actuator. Li this case, 

30 the actuator bears the reactive forces. 

[0018] Fig. 2 shows a first exemplary embodiment of an actuator structure 

135 of the media discharge device 100 of Fig. 1. In this embodiment, a linear gear 
137 is provided along the first member 132, and is fixed with respect to the first 



member 132. A rotary gear 1354 rotates about an axis that is fixed with respect to the 
second member 134. The rotary gear 1354 engages with the linear gear 137; thus, 
when the rotary gear 1354 rotates, the second member 134 moves with respect to the 
first member 132, 

[0019] The rotary gear 1354 is driven by a motor 1352, either directly or via 
another gear or gear train, such as a worm gear 1353 and/or the like. The motor 1352 
is driven by a suitable power source (not shown). The motor 1352, the worm gear 
1353 and the rotary gear 1354 may be accommodated within an actuator housing 
1358. The handle 136 may be attached to the actuator housing 1358, and a switch 138 
may be provided on the handle 136 or at any other suitable location. 

[0020] The switch 138 may be, for example, a rocker switch and is coupled 
to the motor 1352 via a link 1356. When placed in a first switching position, the 
switch 138 causes the motor 1352 to turn in a first direction, and when placed in a 
second switching position, the switch 138 causes the motor 1352 to turn in a second 
direction. For example, when the switch 138 is a rocker switch and is rocked forward, 
i.e., when the left side of the switch is pressed down, the motor 1352 turns in a 
direction that causes the second member 134 to move leftward in Fig. 2. When the 
switch 138 is rocked backward, i.e., when the right side of the switch is pressed down, 
the motor 1352 turns in a direction that causes the second member 134 to move 
rightward in Fig. 2. 

[0021] An example of structure that may substitute for the linear gear and 
worm gear structure shown in Fig, 2 is a ball screw structure (not shown), such as is 
commonly used on garage door openers, in which a long threaded member engages 
with a nut, and drives the nut, along with a member attached to the nut, along a 
longitudinal axis of the threaded member. 

[0022] It should be appreciated that many switch types and configurations 
are possible. For example, to provide various speed options, such as slow forward, 
fast forward, slow reverse and fast reverse speeds, the switch 138 may have switching 
positions beyond merely a forward position and a reverse position. Additionally, 
rather than the single sv^dtch 1 38 shown in Fig. 2, a separate switch may be provided 
for each direction and/or speed. 

[0023] Fig. 3 shows a second exemplary embodiment of an actuator 
structure of the media discharge device 100 of Fig. 1, In this embodiment, the 



telescoping member 130 includes a hydraulic ram driven by a hydraulic pump 150 in a 
known manner. The hydraulic pump 150 forces fluid through passages 154 and 156 
to drive the second member 134 back and forth along the first member 132. 

[0024] The switch 138 in Fig. 3 directs the flow of hydraulic fluid in 
response to manipulation of the switch 138 by the operator. For example, the switch 
138 may be an electrical switch that sends signals to a switching valve assembly (not 
shown) within the hydraulic pump 150, causing the pump to send fluid through the 
passage 154 or 156 as appropriate. 

[0025] Fig. 4 shows a third exemplary embodiment of an actuator structure 
of the media discharge device 100 of Fig. 1. The media discharge device 100 of this 
embodiment is self-adjusting by virtue of a controller 160 and a standoff sensor 170. 

[0026] The controller 160 is coupled via a link 164 to an actuator structure 
135, which may, for example, be the same as actuator 135 shown in Fig. 2. The 
controller 160 is also coupled to the sensor 170 via a link 166, and may also be 
cormected to an input device 162 via a link 168. 

[0027] The standoff sensor 170 is attached to the telescoping device 130, 
and senses a distance Ds from the sensor 170 to a surface to which media is 
discharged. For example, the standoff sensor 170 may be of a type that sends out an 
optical (e.g, laser or infrared) or acoustic wave 172, detects a return wave 174 
reflected by the surface 170, and calculates the distance Ds based on the time lapse 
between sending the wave 172 and detecting the return wave 1 74. The standoff 
sensor 170 transmits the distance Ds to the controller 160 (or transmits raw data to the 
controller 160, and the controller 160 calculates the distance Ds). 

[0028] It should be appreciated that the distance Ds between the sensor 170 
and the surface 200 may not be the same as the distance D>q between the discharge 
opening 124 and the surface. In this case, if the distance Do between the opening 124 
and the sensor 170 along the longitudinal axis of the telescoping device 130 is known, 
the distance Dn may be obtained by subtracting Do from Ds (if the opening 124 is 
closer than the sensor 170 to the surface 200) or adding Do to Ds (if the opening 124 
is farther than the sensor 170 from the surface 200). The operator may set a desired 
value for the distance Dn via the input device 162. A display (not shown) may be 
linked to the controller 160 to display the current value and/or the value newly input 
by the operator to allow the operator to confirm that the intended value has been set. 



[0029] The controller 160 determines whether the value Dn is equal to the 
currently set desired value (target value), and sends a signal to the actuator 135 as 
needed to adjust the value Dn. This process is repeated constantly as the telescoping 
device 130 is moved by the operator, thus maintaining the opening 124 at a constant 
distance from the sxirface 200. 

[0030] Fig. 5 is a flowchart of an exemplary process performed by the 
controller 160 of Fig. 4. Beginning in step 1000, the process proceeds to step 2000 
and obtains a target value Dt between the opening 124 and the surface 200 (see Fig. 
4). As described above, this target value may be input by the operator. The process 
then continues to step 3000. 

[0031] In step 3000, the actual distance Dn between the opening 124 and the 
surface 200 is detected. As described above, if necessary, Dn may be calculated by 
adding or subtracting a distance Do to/from a distance Ds between the sensor 1 70 and 
the surface 200. The process then proceeds to step 4000 and determines whether Dn 
is less than Dj. If Dn is less than Dt, the process continues to step 5000. Otherwise, 
the process jumps to step 6000. 

[0032] In step 5000, the actuator 135 is driven so as to cause the telescoping 
device 130 to extend. The process then returns to step 3000 and repeats steps 3000- 
4000. 

[0033] In step 6000, it is determined whether Dn is less than Dt. If Dn is 
greater than Dt, the process continues to step 7000. Otherwise, the process returns to 
step 3000. In step 7000, the actuator 135 is driven so as to cause the telescoping 
device 130 to contract. The process then returns to step 3000 and repeats steps 3000- 
4000. 

[0034] Another example of the standoff sensor 170 is shown in Fig. 6, which 
shows a fourth exemplary embodiment. In this embodiment, the standoff sensor 170 
is a mechanical type of sensor, such as a sensor known as a whisker switch. The 
standoff sensor 170 includes a mechanical feeler 173, which may be a thin wire, rod 
or the like, connected to a switch 171 . When the feeler 173 contacts the surface 200 
to which the media is discharged, the switch 171 transmits a signal to the actuator 135 
via a link 175, that causes the telescoping device 130 to retract. When the feeler 173 
is pulled away from the surface 200, the switch 171 sends a signal to the actuator 135 
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that causes the telescoping device 130 to extend. Thus, the desired distance between 
the opening 124 and the surface 200 can be maintained. 

[0035] In Figs. 2-4 and 6, the handle 136 is attached to the actuator 135, 
which is attached to the second member 134. However, an operator may desire to 
5 manipulate the media discharge device 100 by holding the first member 132, rather 
than the second member 134, for the following reason, for example. When the 
operator holds the second member 134 and manipulates the media discharge device, 
this operator must allow his or her hand to follow the extending and retracting 
movement of the telescoping device 130, while at the same time exerting lateral forces 
1 0 on the telescoping device 1 30 to pivot the telescoping device 130 relative to the 
Cff support member 110. While focusing on the pivoting movement of the telescoping 

il device 1 30, the operator may tend to naturally resist movement in the extending and 

retracting directions, because such movement is "unexpected" in the sense that the 
operator is not directly applying or controlling forces in these directions. This is 
1 5 particularly true in the embodiments of Figs. 4 and 6, in which the instructions to the 
f J actuator 135 to extend or retract the telescoping device 130 come via the standoff 

If sensor 170, rather than directly from the operator. Such resistance, though slight, may 

43 result in increased fatigue over time. In contrast, if the operator holds the first 

2 member 132 by, e.g., gripping the end near the counter weight 140, the operator's hand 

20 will not be subject to this "unexpected" component of movement. Thus, in 

embodiments, the handle 136 (and switch 138 in the embodiment of Figs. 2-3) may be 
provided on the first member 132, or the handle 136 may be omitted and the operator 
may directly grip the first member 132 when manipulating the media discharge device 
100. 

25 [0036] Fig. 7 is a perspective view of an exemplary media discharge system 

10 incorporating the media discharge device 100 of any of Figs. 1-4 or 6. The media 
discharge system 10 includes a semi-stationary object 180, such as a cart or the like, to 
which the support member 1 10 of media discharge device 100 is affixed. A media 
reservoir 190 is also provided, and media is supplied from the media reservoir 190 

30 through the media passage 120 and discharged from the media discharge opening 124 
by, for example, air pressure from a suitable air pressure source such as an air 
compressor (not shown). 
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[0037] Media discharge devices and systems embodying this invention may 
be used, for example, for dry media discharge, such as sandblasting, or for wet media 
discharge, such as spray painting or spraying water, cleaning solution or the like. The 
weight of the discharge device 100 and/or the reactive forces from the media 
discharge are transferred to a stationary object, such as the floor, or a non-stationary 
object, such as the cart 180 of Fig. 6, via the joint structure 1 12 and the support 
member 110. Therefore, operator fatigue is reduced. 

[0038] While the systems and methods according to this invention have been 
described in conjxmction with the specific embodiments described above, many 
equivalent alternatives, modifications and variations will become apparent to those 
skilled in the art once given this disclosure. Accordingly, the preferred embodiments 
of the invention as set forth above are considered to be illustrative and not limiting. 
Various changes to the described embodiments may be made without departing firom 
the spirit and scope of the invention. 

[0039] For example, in addition to the switch 138 shown in Figs. 2 and 3, 
switches may also be provided for controlling media flow or other process parameters. 
For example, a switch may be provided to start and stop the flow of media through the 
media discharge opening 124, to control the flow rate of media, and/or the like. The 
user input device 162 of Fig. 4, while shown as a separate device, may be incorporated 
directly into the actuator 135. 



